Hydrogen peroxide vapour (HPV) has been proposed as an alternative to formaldehyde fumigation for the decontamination of biosafety level (BSL) III laboratories. The aim of this study was to evaluate the efficacy of HPV against the dimorphic fungi Histoplasma capsulatum, Blastomyces dermatitidis and Coccidioides immitis. Working inside a class II biological safety cabinet (BSC) within a BSL III laboratory, inocula containing approximately 5-log 10 cfu/ml from the mould form of each organism suspended in RPMI medium were deposited on stainless steel discs and allowed to air dry. The organisms were exposed to HPV inside a BSC using a BIOQUELL ClarusS HPV generator. In three replicate experiments, individual discs were transferred into liquid media at timed intervals during a 105 minute HPV exposure period. Control-and HPV-exposed discs were incubated in RPMI media at 308C for 6 weeks to determine if any viable organisms remained. Positive cultures were confirmed using specific nucleic acid hybridization probes. Results indicate that H. capsulatum, B. dermatitidis and C. immitis were killed within 30 minutes of HPV exposure.
Introduction
Dimorphic fungi, including Histoplasma capsulatum, Blastomyces dermatitidis and Coccidioides immitis, are important human pathogens, particularly in the immunocompromised host [1, 2] . Specimens suspected to contain these organisms and any unknown hyaline mold should be handled inside a class 2 biological safety cabinet. Cultures containing dimorphic fungi should be handled in biosafety level (BSL) III laboratories [3, 4] .
Formaldehyde fumigation has traditionally been used for the decontamination of biological safety cabinets (BSCs) and laboratories where the dimorphic fungi are manipulated but the efficacy of the process remains controversial and there are health and safety concerns associated with the use of formaldehyde [5] . Hydrogen peroxide vapor (HPV) is effective against a variety of microorganisms including bacterial endospores, mycobacteria and viruses [6Á9] and has several advantages over traditional methods for vapor-phase decontamination. For example, HPV is safe to use and is effectively residue-free because it readily decomposes to oxygen and water vapor. However, few published data are available demonstrating the efficacy of HPV for the deactivation of fungi. Therefore, the aim of this work was to evaluate the efficacy of HPV against the dimorphic fungi H. capsulatum, B. dermatitidis, and C. immitis in order to validate the replacement of formaldehyde fumigation with HPV decontamination in our laboratories.
Materials and methods
Suspensions in distilled water were prepared at 5-log 10 cfu/ml using mold-phase cultures of B. dermatitidis (ATCC 60916), C. immitis (ATCC 28868), and H. capsulatum (ATCC 38904) and colony counts were performed following culture on inhibitory mold agar. Ten microliters (approximately 3-log 10 cfu) of each suspension was deposited on pre-cleaned and sterilized 10 mm diameter stainless steel discs (Apex Laboratories, Cary, NC) and air dried to produce biological indicators (BIs) for exposure to HPV. This inoculum was selected because we felt a 3-log 10 cfu inoculum was representative of the likely air and surface contamination remaining in our laboratory after routine surface decontamination.
The HPV exposure was conducted in a ducted class II BSC (Type B, Nuaire, Plymouth, MN). The cabinet extract duct was closed manually and a modified front panel was fitted, which included a glove port to allow manipulation of the samples inside. An HPV sensor (Analytical Technology, Inc., Collegeville, PA), a Clarus S HPV suite (BIOQUELL Inc, Philadelphia, PA) and all materials used for the study were placed in the cabinet. The Clarus S was configured as described previously [8] .
BIs for each organism were transferred aseptically into RPMI media after 0, 5, 10, 15, 20, 30, 45, 60, 75, 90, and 105 minutes of HPV exposure. Positive controls, media exposure controls (to ensure that the brief exposure of the RPMI media to HPV during the transfer of discs inside the BSC did not inactivate the media) and drying controls (to ensure that the organisms remained viable when dried on the disk but not exposed to HPV) were also included. Three replicate cycles were conducted. The discs were incubated in RPMI at 308C for 6 weeks. All positive tubes were confirmed with the appropriate AccuProbe Culture Identification Test (Gen-Probe, San Diego, CA).
Results
The peak concentration of HPV recorded in the BSC was 1000 ppm for all three experiments. Visible condensation was noted on the front panel of the cabinet, but no damage to the equipment or surfaces in the cabinet occurred. Total cycle times (including aeration) ranged from 3Á4 hours. The positive control discs, exposure control discs and drying control discs incubated in RPMI at each time point were all positive for each of the three fungi suggesting that the BI system to evaluate the efficacy of HPV was functioning as intended (Table 1) .
One or more of the BIs were positive up to 20 min but none after 30 min HPV exposure for B. dermatitidis and C. immitis and up to 10 min but none after 15 min for H. capsulatum (Table 1) . When enumerated, the liquid suspensions used to prepare the H. capsulatum BIs exposed to the HPV were 4-log 10 cfu/ml; approximately 10-fold lower than the other two fungi (Table 1) . Similarly, the liquid suspensions for the H. capsulatum drying controls were at a concentration lower than the limit of detection of the dilution series ( Table 1 ). All of the drying H. capsulatum control discs transferred into liquid RPMI media were positive so the H. capsulatum remained viable on drying despite a lower inoculum.
Based on the concentration of the liquid suspension used to prepare the BIs, a 3-log 10 reduction of B. dermatitidis and C. immitis between 20Á30 min and a 2-log 10 reduction of H. capsulatum between 10Á15 min can be inferred.
Discussion
We developed a novel system for evaluating the efficacy of HPV for the deactivation of mould-forms of medically-important dimorphic fungi. We found that H. capsulatum, B. dermatitidis and C. immitis dried from liquid suspension onto stainless steel discs were deactivated within 30 min of HPV exposure inside a BSC.
Other studies have investigated the efficacy of various liquid disinfectants against dimorphic fungi [10] , but we believe this to be the first evaluation of a vapor-phase method for the deactivation of dimorphic fungi dried onto surfaces. Interestingly, Kruse et al. (1964) found that peracetic acid, which is a peroxygen along with hydrogen peroxide, was the most effective liquid disinfectant for the deactivation of dimorphic fungi [10] .
Our study has several limitations. First, the suspensions used to prepare the BIs were 4Á5 log 10 cfu/ml, resulting in inocula of 2Á3 log 10 cfu. Although these low inocula may be representative of actual surface and air contamination in the laboratory setting, further work with higher inocula may be warranted. Second, we used inocula dried onto stainless steel surfaces. Further work with aerosolized inocula and fungi dried onto other surfaces commonly encountered in the laboratory setting would be useful. Third, we conducted our trials in a BSC only and HPV can be used to decontaminate rooms, such as BSL 3 laboratories [8] , so room trials may be warranted.
In summary, our preliminary results indicate that HPV is effective for the deactivation of dimorphic fungi dried onto stainless steel surfaces. HPV provides an attractive alternative to traditional methods such as formaldehyde fumigation for the decontamination of laboratories handling dimorphic fungi.
